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ABSTRACT 
Rainbow trout growth and condition were examined in 17 ecologically diverse 
lakes from which physical, limnological, and biological parameters were sampled. 
Parameters were correlated with rainbow trout growth and condition to identify factor(s) 
that predict rainbow trout growth and condition across eastern Washington lakes stocked 
annually with rainbow trout fry.  We tested the hypothesis Ho: the environmental 
variables examined do not predict rainbow trout growth and condition.  Data were natural 
log transformed for better fit, and were analyzed by season.  Several models were 
identified using stepwise multiple regression analysis and general linear modeling which 
significantly predicted trout growth or condition using one or more of the biotic and 
abiotic independent variables.  
Trends in trout growth and condition correlated to biomass of odonates, 
amphipods, caddisflies, calanoid copepods and density of dipterans and hemipterans were 
generally positive regardless of season.  Among autumn measures, single biological 
predictors including biomass of coenagrionid damselflies and Aglaodiaptomus copepods 
explained approximately 42% and 49% of the lake-to-lake variation in rainbow trout 
growth and condition, respectively. In addition, more than 84% of the variation in 
rainbow trout condition was explained by the variables maximum lake depth (Zmax), 
autumn caddisfly larvae biomass, and autumn dipteran density.  Rainbow trout condition 
factor compared with spring measures was inversely proportional to Zmax and rainbow 
trout stocking density.  Both variables explained 51% of the spring lake-to-lake variation 
in condition factor.  Among combined measures (spring and autumn), odonate and 
calanoid copepod biomass, and odonate density and amphipod biomass were directly 
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proportional to rainbow trout growth and condition, respectively, with more than 54% of 
the lake-to-lake variation explained by the models.  The best regression models explained 
as much as 95% of lake-to-lake variation in trout growth and condition.  General linear 
models explained 58% to 99% of the variation in trout condition. 
General linear modeling identified several negative relationships with rainbow 
trout condition.  Stocking density, presence of largemouth bass, green sunfish, brown 
trout, and tiger trout negatively affected rainbow trout condition.  The collection of 
significant models suggests that rainbow trout stocked into eastern Washington lakes 
realize higher growth rates and better condition in the presence of abundant forage base 
and in the absence of competition or predation by resident fish species.  Both single 
environmental variables and collections of environmental variables can significantly 
predict rainbow trout growth and condition.  Thus, the environmental variables used in 
this study, or other variables, could be monitored and used by regional resource agencies 
in managing rainbow trout fisheries. 
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INTRODUCTION 
The purpose of this study was to identify environmental or biological predictors 
of growth and condition of stocked rainbow trout among 17 ecologically diverse lakes 
across the eastern Washington landscape, to assist fish managers in maximizing stocking 
efforts.  Rainbow trout (Oncorhynchus mykiss) are a popular trophy fish commonly 
stocked into many lakes in western North America in order to provide profitable 
recreational and commercial fishing opportunities, which benefit local economies. In 
2005, Washington Department of Fish and Wildlife stocked more than 21 million trout 
into 396 lowland lakes (WDFW 2005).  Rainbow trout are an ideal fish for stocking as 
they are adaptable to marginal water conditions and create artificial put-and-take fisheries 
with high return rates to the creel (Kerr and Lasenby 2000, Wiley et al 1993).  Creating 
artificial fisheries through stocking can be expensive and requires optimization of trout 
growth.  In eastern Washington, trout are most often stocked into productive lakes in 
early spring, and at the time of stocking measure approximately 60 mm in length and 
average between 3 and 4 grams (Guy Campbell, WDFW, pers.comm.). The number of 
trout stocked into eastern Washington lakes is typically determined by the surface acres 
of the lake, and typically ranges from 50-150 per surface acre for trophy (catch and 
release) fisheries, and 200-600 per surface acre for catch and keep fisheries (Chris 
Donley, WDFW, pers.comm.).  Due to the expensive nature of the stocking programs and 
tight budget constraints, it is important to local fish managers to make every stocked trout 
count.   
Trout growth can be highly variable between systems and is known to be affected 
by a variety of biological, limnological, and physical factors.  Biological factors can 
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include prey availability (Tabor et al 1996), resident fish communities (Johnson 1982), 
predators (Clodfelter 1982), competitors (Burdick and Cooper 1956), parasites (Sipher 
and Bergersen 2005), and genetic strains (Wangila and Dick 1988). Rainbow trout 
genetics and parasite interactions were not investigated in this study. Limnological and 
physical parameters including dissolved oxygen, temperature, conductivity, total 
dissolved solids, pH, alkalinity and nutrients vary greatly between lakes and are 
dependent on lake depth, lake size, geomorphology, inlets or outlets, time of year, wind 
fetch, and topography of surrounding terrain (Dodson 2005).  Trout growth and survival 
can be affected by dissolved oxygen depletion, often associated with thermal 
stratification or biological activity (Woods 1985). Nutrients drive primary productivity in 
lakes, thereby affecting the dissolved oxygen levels and abundance of the forage base for 
rainbow trout. 
This study sought to identify the factor(s) responsible for much of the lake-to-lake 
variation in growth and condition of stocked rainbow trout fry in eastern Washington.  
Isolation of the factor(s) with the greatest effect(s) on rainbow trout production provides 
a framework for fish managers to assess stocking strategies and adjust stocking rates for 
individual lakes based on what most affects the growth and condition of trout across an 
ecologically diverse landscape.  This regional study is an appropriate first step in 
determining general trout ecology and habitat suitability for rainbow trout in multiple 
lakes with highly diverse ecosystems and requires minimal sampling. This light sampling 
approach is suitable for regional lake management because it allows fish managers to 
assess habitat suitability and growth potential for stocked rainbow trout across 
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ecologically diverse lakes without having to conduct comprehensive studies within each 
individual lake, and can be accomplished on a low-cost budget. 
Specific objectives of this study were to: 1) determine the biological constituents’ 
abundance and biomass in each lake, 2) measure limnological variables within each lake 
that may contribute to rainbow trout growth and condition, 3) measure rainbow trout 
growth over a one-year period for cohorts within each lake, 4) identify, through 
multivariate statistical analysis, the environmental variable(s) that predict rainbow trout 
growth and condition, 5) share results of this study with area fish managers for use in 
improving and optimizing local rainbow trout fisheries.  
 
METHODS 
For inclusion in this study, we selected a total of 17 lakes in eastern Washington 
which are currently managed for recreational rainbow trout fishing and receive annual fry 
plants.  In an effort to identify factors influencing trout growth and condition, aquatic 
communities within each lake were examined to determine abundance and composition 
of prey and potential competitors that could inhibit trout success. Additionally, water 
quality measurements were taken for each lake including temperature, dissolved oxygen, 
turbidity, chlorophyll, conductivity, nitrate nitrogen (NO3-N) and phosphate phosphorus 
(PO4-P).  Aquatic invertebrates were collected from pelagic, near-shore and profundal 
portions of each lake.  Water quality and aquatic invertebrate sampling were conducted in 
the spring and fall of 2006 in order to evaluate conditions prior to trout stocking and 
again at the end of the summer growing season. Fish were stocked in spring 2006, and 
collected in autumn 2006 and spring of 2007 to obtain growth and condition measures.  
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Study Sites:  The lakes chosen for this study included 17 lakes across eastern 
Washington stocked annually with rainbow trout and managed by the Washington 
Department of Fish and Wildlife (Figure 1).  The landscape in which these lakes reside is 
very diverse including high mountain lakes and lowland desert lakes. Study lakes were 
located in Ferry, Grant, Lincoln, Okanogan, Stevens, and Spokane counties, all with 
public access (Table 1, Figure 1). 
Invertebrate Sample Collection and Processing:  Sampling of all invertebrates 
was completed in the spring and fall of 2006. Within each lake, three pelagic, three near-
shore, and three profundal invertebrate samples were collected from randomly chosen 
sites from within each region of the lake. All aquatic invertebrates were fixed using 95 % 
ethanol (ETOH), and stored in 70 % ETOH.  Samples from each lake were analyzed in 
the lab using a Nikon dissecting microscope.  Near-shore and profundal 
macroinvertebrates were identified to family using keys by Pennak (1989) and Merritt 
and Cummins (1996).  Zooplankton were identified with keys by Brooks (1959) and 
Wilson and Yeatman (1959) and Stemberger (1979).  Branchiopoda and Copepoda 
densities and biomass were calculated for each species identified. 
Zooplankton were collected from the pelagic portion of each lake with a 20 cm 
diameter 153 µm conical zooplankton net. Sampling consisted of vertically hauling the 
net from the bottom to the surface to include organisms within all portions of the water 
column.  The organisms were poured through a 153 µm sieve, fixed with 95% ethanol 
and stored in 60 ml bottles in 70 % ethanol (Black and Dodson 2003).  In the lab, these 
organisms were analyzed with a Nikon dissecting microscope and identified to species.  
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Organisms were counted to determine abundance, and body lengths were measured to 
determine individual mass using length: weight regressions (Dumont 1975, Bottrell et al 
1976).   
Near-shore invertebrates were collected at three randomly selected locations 
around each lake by using an aquatic D-frame dip net to collect all organisms within a 
1m2 quadrat.  Vegetation was double rinsed in buckets to ensure no invertebrates 
remained on the vegetation.  Macroinvertebrates were then poured through a 500 µm 
sieve and stored in canning jars in 70 % ETOH to be later analyzed in the lab.  
Profundal invertebrates were collected using a 30 X 30 cm Ekman dredge at three 
randomly selected locations within each lake.  Dredge contents were rinsed through an 
800 µm sieve and stored in quart canning jars in 70 % ETOH for later analysis. 
In the lab, near-shore and profundal invertebrates were sorted, identified to 
family, and counted to determine densities for each taxon. In addition, wet weights were 
taken for each family in order to determine biomass. 
Water Quality Sampling:  Water quality parameters were obtained from each lake 
in the spring and fall of 2006 using a YSI 6000 series environmental sonde.  A vertical 
profile was taken from the entire water column at the deepest location in each lake. 
Limnological parameters measured included temperature (ºC), conductivity (µS cm-1), 
dissolved oxygen (mg L-1), turbidity (NTU), and chlorophyll (mg L-1).  Profiles were 
taken from the surface to the bottom at 2 meter intervals.  Lake transparency was 
measured for each lake using a standard 20 cm secchi disk.   
Mean nutrient concentrations were determined for each lake during the spring and 
fall 2006 sampling period. Water samples were collected from three pelagic locations 
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within each lake using a water bottle sampler, including the deepest location from which 
the limnological profile was taken. Samples were obtained from the top 1/3 portion of the 
water column, stored on ice, and transported back to the lab for nitrate nitrogen (NO3-N) 
and phosphate phosphorus (PO4-P) analysis. A Hach colorimeter (Model 890) was used 
with Nitra Ver 5 and Phospho Ver 3 reagents to determine the nitrate and phosphate 
concentrations for each sample.  Nitrate concentrations were determined with high-range 
reagents, and phosphate concentrations were determined using low-range reagents.  West 
Medical Lake phosphate concentrations exceeded detection limits (0.90 mg/L) of the 
low-range phosphorous reagents during spring sampling, so high-range phosphorus 
reagents were used for West Medical Lake during autumn sampling.  Mean 
concentrations were then calculated for each lake. 
Fish Stocking and Sampling:  Each of the study lakes are stocked annually with 
rainbow trout fry measuring approximately 60 mm in length. Stocking was conducted by 
WDFW and completed in April and May of 2006. Rainbow trout fry were measured by 
WDFW hatchery personnel to determine mean lengths prior to release. The study lakes 
were divided into four stocking densities; 55, 100, 350, and 500 fish per surface acre 
(Table 2). 
Collection of all fish data occurred in the fall of 2006 via gill netting, and spring 
of 2007 via gill netting, electrofishing, and angling surveys. Mean total length (mm) was 
determined prior to release. At capture, total length (mm) and weight (g) were measured 
for each fish, and used to calculate growth rate and condition.  Rainbow trout growth was 
determined by subtracting mean total length at time of stocking from total length of the 
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fish at capture. Fulton’s condition factor (KTL) was calculated for captured rainbow trout 
as outlined in Anderson and Neumann (1996). 
Analysis:  A total of 96 variables were analyzed using Pearson correlations (Zar 
2010) to identify significant relationships with rainbow trout growth and /or rainbow 
trout condition across lakes. Relationships between fish growth and condition factor were 
analyzed against relative biomass and density of aquatic invertebrate taxa, limnological 
parameters, nutrient concentrations, lake size, stocking densities and presence or absence 
of fish species in each lake.  
Data was analyzed separately by season, family-level taxa, order-level taxa, and 
taxa pooled by lake zone to identify trends in rainbow trout growth and condition among 
the study lakes.  All data was examined for normality using Anderson-Darling and 
Shapiro-Wilks tests and residual plots were reviewed to ensure homoschedasticity.  All 
data was natural log (ln) transformed for better fit and significant relationships were 
further analyzed with stepwise multiple regression and general linear modeling (GLM) as 
outlined in Hair et al. (2006). 
 
RESULTS 
Prey composition and abundance:  Prey composition varied greatly among lakes; 
however, Coleoptera, Diptera, Ephemeroptera, Odonata, Amphipoda, Gastropoda, 
Branchiopoda, and Copepoda taxa were present in all study lakes (Table 3).  
Macroinvertebrates were classified into a total of 15 orders and 42 families (Table 4). 
Additionally, 16 genera of zooplankton were identified, of which 3 were further classified 
to species level (Table 5).  
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Combined spring and autumn mean density and biomass of macroinvertebrates 
collected in littoral zones among all study lakes ranged from 337 – 4,512 individuals per 
square meter (inds m-²), and 3,054 – 39,571 mg m-² resp6ectively (Table 6; Table 7).  Z 
Lake had the highest annual mean littoral macroinvertebrate density with 4,512 inds m-², 
followed by Hog Lake (3,967 inds m-²), and Lower Hampton (3,534 inds m-²; Table 6; 
Figure 2). Lowest annual mean littoral densities were observed in Lake Ellen (337 inds 
m-²), Alta Lake (463 inds m-²), and Dusty Lake (553 inds m-²; Table 6; Figure 2). Highest 
littoral annual mean biomass was highest in Z Lake (39,571 mg m-²), Lower Hampton 
Lake (35,240 mg m-²), and West Medical (25,328 mg m-²; Table 7; Figure 3). Lowest 
littoral annual mean biomass was lowest in Alta Lake (3,054 mg m-²) and Ellen Lake 
(3,403 mg m-²; Table 7; Figure 3). 
Profundal macroinvertebrate annual mean densities and biomass among all study 
lakes ranged from 174 – 6,106 inds m-² and 1,729 – 42,536 mg m-² respectively (Table 6; 
Table 7; Figure 2).  Annual mean density of profundal macroinvertebrates was highest in 
Chopaka Lake (6,106 inds m-²), followed by Hog Lake (5,232 inds m-²), and Alta Lake 
(4,481 inds m-²; Table 6; Figure 2).  Conversely, the lowest annual mean densities 
derived from dredge samples were observed in Fishtrap Lake (174 inds m-² and Ellen 
Lake (269 inds m-²; Table 6; Figure 2).  Overall mean macroinvertebrate density was 
highest in Hog Lake (7,688 inds m-²), Chopaka Lake (6,983 inds m-²), and Lower 
Hampton Lake (6,633 inds m-²; Table 6; Figure 2).  
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Mean annual biomass of profundal macroinvertebrates was highest in Lower 
Hampton Lake (42,536 mg m-²) and West Medical Lake (34,140 mg m-²), and lowest in 
Spectacle Lake (1,729 mg m-²) and Ellen Lake (2,407 mg m-²; Table 7; Figure 3). 
Zooplankton communities were primarily composed of Branchiopoda and 
copepods (Table 8). Mean pelagic zooplankton density among all lakes (spring and 
autumn) ranged from 33 inds L-1 in Dry Falls Lake to 221 inds L-1 in Fishtrap Lake 
(Table 9).  Copepods comprised the greatest portion of the zooplankton communities by 
percent density in Burke (65.1%), Dusty (62.0%), and Lower Hampton Lakes (56.5%), 
and by percent biomass in Hog (88.3%), Spectacle (52.9%), and Z Lakes (50.8%; Table 
8).  Other Branchiopoda including Chydorus and Bosmina comprised the majority 
(82.7%) of the zooplankton density in Lake Ellen (Table 10), while calanoid copepods 
comprised 79.2% of the zooplankton biomass in Hog Lake (Figure 4; Table 11).  
Daphnia comprised 42.9 - 86.4% of the total zooplankton biomass in each of the study 
lakes except Ellen Lake (3.8%) and Hog Lake (8.7%; Table 11; Figure 4).The highest 
total zooplankton biomass was found in West Medical (1.24 mg liter-1) composed 
primarily of Daphnia, followed by Ellen (0.85 mg liter-1) and Hog (0.84 mg liter-1) lakes 
(Figure 5). 
Water Quality:  Limnological parameters and nutrients including temperature, 
conductivity, dissolved oxygen, turbidity, transparency, chlorophyll, nitrate-nitrogen, and 
phosphate-phosphorus were measured for each lake in spring and fall of 2006.  Annual 
mean water temperatures ranged from 8.9°C to 15.7°C (Table 12). Lowest temperatures 
were observed in spring 2006 in Chopaka Lake (3.7°C), and highest temperatures were 
observed in Spectacle (21.1°C) in fall 2006 (Table 13). Mean annual dissolved oxygen 
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among study lakes ranged from 4.20 mg L-1, in Rat Lake to 15.69 mg L-1, in Hog Lake 
(Table 12).  Dissolved oxygen was observed to be the lowest in fall in Chopaka Lake 
(0.50 mg L-1), and highest in spring in Amber Lake (20.0 mg L-1; Table 14).  Mean 
annual conductivity among lakes ranged from 138 microseimens (µS cm-1) in Ellen Lake 
to 769 (µS cm-1) in Chopaka Lake (Table 15). Mean annual turbidity ranged from 0.36 
NTU in Dry Falls Lake to 2.87 NTU in Z Lake (Table 13; Table 16).  Chlorophyll 
concentrations were highly variable (CV = 1.061, n = 219) among study lakes.  Mean 
annual chlorophyll concentrations among lakes ranged from 3.39 mg L-1 in Quincy Lake 
to 18.40 mg L-1 in Fishtrap Lake (Table 13; Table 17).  Mean annual transparency 
measured with a secchi disk ranged from 1.5 m in Z Lake to 5.5 m in Chopaka, Dry Falls, 
and Lower Hampton lakes (Table 12).  
Nitrogen concentrations among lakes were measured as nitrate nitrogen (NO3-N).  
Mean NO3-N concentrations were lowest in Dry Falls (0.77 mg L-1, SD = 0.49) and Z 
Lake (0.77 mg L-1, SD = 0.14) and highest in Quincy Lake at 2.05 mg L-1 ± 1.33 (Table 
13, Table 18).  Phosphate concentrations measured as phosphate-phosphorus (PO4-P) 
were highly variable among study lakes (n = 102, CV = 2.843). Mean PO4-P 
concentrations were lowest in Spectacle Lake at 0.04 ± 0.01 mg L-1, and highest in West 
Medical Lake at 2.18 ± 1.14 mg L-1 (Table 12, Table 19).  Phosphate concentration 
measured in West Medical Lake in spring 2006 exceeded the upper method detection 
limit of 0.90 mg L-1; and was therefore considered below the actual concentration. 
Fish Community Composition:  Ten different fish species were observed within 
our study lakes, including rainbow trout (RBT), brown trout (BT), tiger trout (TT), brown 
bullhead catfish (BBH), tench (TNC), black crappie (BC), green sunfish (GSF), 
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largemouth bass (LMB), pumpkinseed (PS), and yellow perch (YP). Rainbow trout were 
collected from all study lakes and comprised 70.8% of the total fish collected (Table 20).  
Centrarchid fish were present in 12 of the 17 study lakes (Table 21). Fish species 
observed and/or reported to be present, but were not collected during fish sampling 
events included bullhead catfish in Z lake, brown trout in Spectacle Lake, smallmouth 
bass in Chopaka, and tench in Hog Lake (Table 21).  
Rainbow Trout Growth and Condition:  Rainbow trout exhibited the highest 
growth in Z and Quincy lakes at a rate of 80.72 and 50.41 grams per month, respectively 
(Figure 6). Trout in Ellen and Alta lakes grew the slowest at a rate of 4.03 and 4.48 grams 
per month, respectively.  Condition factor was the greatest for rainbow trout in Z Lake 
(1.40), and was the lowest in Lake Ellen (0.93; Figure 6). 
Regression Models:  Significant regression and general linear models are 
presented in Tables 23 and 24, respectively.  Significant models predicting rainbow trout 
and condition factor are presented here by season, and trends for each significant 
predictor are noted in parentheses. In general, macroinvertebrate insect and copepod 
biomass were directly related to rainbow trout growth and condition, with mixed results 
for limnological variables. In addition, rainbow trout condition factor was generally 
negatively affected by presence of certain resident fish species.  
Among autumn measures, odonate density (+; p=0.042) and coenagrionid 
damselfly biomass (+; p=0.005) were strong single predictors of rainbow trout growth 
with 25% and 42% of the lake-to-lake variation explained, respectively.  The model was 
improved with autumn odonate (+; p=0.002) and Tricoptera biomass (+; p=0.002) 
explaining approximately 75% of the variation.  Further, more than 94% of the variation 
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in rainbow trout growth rate was explained by the combination of mean lake depth (Zmean; 
-; p=0.006), autumn biomass of Odonata (+; p<0.001) and Tricoptera (+; p<0.001), 
autumn water mite density (-; p=0.002), and total autumn macroinvertebrate insects in the 
littoral zone (-; p=0.001; Table 23; Table 25).  Rainbow trout condition was explained by 
the combination of maximum lake depth (Zmax; -; p=0.018), autumn Tricoptera biomass 
(+; p=0.004), and autumn Diptera density (+; p=0.002).  This model was further 
improved (r2 = 0.95) when autumn amphipod (+; p=0.029) and gastropod (-; p=0.002) 
biomass, and autumn density of dipterans (+; p<0.001), hemipterans (+; p<0.001), and 
copepods (+; p=0.001) were all used to predict rainbow trout condition (Table 23; Table 
25).  General linear modeling identified autumn Aglaodiaptomus copepod biomass (+; 
p=0.001) and presence of largemouth bass (-; p=0.045) as important factors explaining 
67% of variation in fall rainbow trout condition (Table 24; Table 26).  In addition, 
dissolved oxygen (+; p<0.001), NO3-N concentrations (+; p<0.001), autumn Diptera (+; 
p<0.001), and Tricoptera biomass (+; p<0.001), autumn Odonata density (-; p=0.008), 
and presence of largemouth bass (-; p<0.001) and tench (-; p=0.034) explained more than 
99% of the variation in rainbow trout variation among study lakes (Table 24; Table 26). 
No significant models were identified for rainbow trout growth using only spring 
measures.  However, among spring measures, Zmax (-; p=0.02) alone explained 31% of 
lake-to-lake variation in rainbow trout condition.  The model was improved with the 
addition of rainbow trout stocking density (-; p=0.030) accounting for 51% of the 
variation (Table 23; Table 25).  General linear modeling identified spring chironomid 
biomass (-; p=0.006), temperature (-; p=0.044), Zmax (-; p<0.001) rainbow trout stocking 
density (-; p=0.008), and presence of green sunfish (-; p=0.002) as important factors 
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contributing to spring rainbow trout condition.  The model was enhanced with the 
addition of N: P ratio (-; p=0.006) and tiger trout presence (-; p=0.005) increasing the r-
squared value to approximately 92% (Table 4).  Another model using only spring 
measures identified Zmax (-; p=0.002), spring Diptera biomass (-; p=0.019) and density (-; 
p=0.046), rainbow trout stocking density (-; p<0.001), and presence of green sunfish (-; 
p<0.001), tench (+; p=0.002), and tiger trout (-; p=0.009) as important factors that 
explained more than 94% of the variation in rainbow trout condition (Table 24). 
When using autumn and spring measures, 54% of the lake-to-lake variation in 
rainbow trout growth was directly related to the biomass of odonates (+; p=0.008) and 
calanoid copepods (+; p=0.030; Table 23).  In addition, amphipod biomass (+; p=0.007) 
and odonate density (+; p=0.038) explained more than 54% of the variation in rainbow 
trout condition (Table 23) throughout the study period.  General linear modeling 
attributed approximately 58% of the lake-to-lake variation in rainbow trout condition to 
Aglaodiaptomus copepod biomass (+; p=0.002) and presence of brown trout (-; p=0.041; 
Table 24). 
 
DISCUSSION 
This study sought to identify important environmental factors affecting rainbow 
trout growth and condition that could be used by regional fish managers to assess aquatic 
environments prior to stocking.  Here, several variables were identified as significant 
predictors of rainbow trout growth and condition.   
Rainbow trout growth rate and condition were highly variable among the study 
lakes. Growth rate ranged from 4.03 g mo-1 to 80.72 g mo-1 and condition factor ranged 
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from 0.93 to 1.40.  Growth rates have been shown to vary by trout size and fish 
community composition (Larkin et al 1957).  
Because diet directly affects rainbow trout production, diets have been widely 
studied and are highly variable. Diets closely correspond to ontogenic shifts (Landry et al 
1999), prey availability, and seasonal variability in the forage base (Beauchamp 1990).  
Rainbow trout selectively forage on the most abundant, energy-efficient prey items 
including, but not limited to caddisflies, mayflies (Burdick and Cooper 1956), odonates, 
amphipods, snails, (Carmichael 1983), hemipterans (Koth 1980, Clodfelter 1982), 
zooplankton (Overholtz 1974) and dipterans (Knapp 1981, Scholz et al 1988), and other 
fish (Beauchamp 1990).  Daphnia and other zooplankton are important prey items for 
juvenile salmonids (Edmundson and Mazumder 2001, Paragamian and Bowles 1995) and 
rainbow trout in oligotrophic systems with little littoral or benthic productivity 
(Brynildson and Kempinger 1973, Wang et al 1996, and Black et al 2003).   
For the purpose of this study, rainbow trout diet was not the focus, but rather 
determining prey composition and abundance upon which trout could forage.  Prey 
availability can be affected by seasonal, temporal, and spatial distribution within an 
ecosystem (Kennedy 1967, Beauchamp 1990).  High rainbow trout growth rates have 
been associated with abundance of macroinvertebrate insect prey items (Alexander 
1975a, Dillon and Jarcik 1994).  Johnson and Hasler (1954) reported zooplankton 
availability, intraspecific competition and standing crop size were all important in 
determining trout growth.  Although prey availability has been shown to affect growth 
rate, little attention is paid to prey abundance or composition when stocking.   
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Several prey items were identified as significant predictors of rainbow trout 
growth.  Trout growth was directly proportional to autumn biomass and density of 
odonates, (specifically coenagrionid damselflies), caddisflies, and calanoid copepods.  
Similar positive relationships were identified for rainbow trout condition with autumn 
amphipod and caddisfly biomass, and autumn dipteran, hemipteran and copepod 
(Aglaodiaptomus spp.) densities identified as significant contributors.  Inverse 
relationships between trout condition and prey items included autumn snail biomass and 
water mite density, and spring dipteran biomass and density (specifically chironomids). 
Rainbow trout growth and condition were inversely proportional to Zmean and 
Zmax.  Approximately 31% of the lake-to-lake variation in trout condition was explained 
by Zmax alone.  This was supported by Donald and Anderson (1982) who attributed 3% to 
7% of variation in age-2 rainbow trout weight to mean depth, and 28% to 30% to 
stocking density.  Regression results from spring measures identified Zmax and rainbow 
trout stocking density as significant predictors that explained approximately 51% of the 
variation in rainbow trout condition among the study lakes. Hayes and Anthony (1964) 
found that fish productivity was directly related to lake depth and surface area in several 
North American lakes.  Given this, one would expect rainbow trout growth to be greatest 
in deeper lakes with greater nutrient concentrations for primary production.   However, 
here rainbow trout growth and condition improved in shallower lakes with greater 
primary production and expanded littoral zones capable of supporting abundant forage 
for trout. 
Dissolved oxygen and NO3-N concentrations from autumn measures were 
significant predictors identified in GLM models directly related to trout condition (Table 
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24).  Impacts of low dissolved oxygen on trout survival and growth are well documented.  
Rainbow trout require minimum dissolved oxygen levels greater than 5 mg/liter to thrive, 
and prefer temperatures between 14 and 20 degrees Celsius (Kerr and Lasenby 2000).  
Low dissolved oxygen levels associated with turnover, thermal stratification, and summer 
algal blooms are often to blame for rainbow trout mortality (Ayles and Lark 1975, Ayles 
et al. 1976).  Myers and Peterka (1976) reported 100% mortality of stocked rainbow trout 
due to insufficient DO levels following a summer algae bloom.  Rainbow trout condition 
was also proportional to NO3-N concentrations; likely indirectly by increasing primary 
productivity.  Pauly and Christensen (1995) cited primary production as an important 
factor in sustainable fisheries in marine and freshwater systems.  
Many physical and limnological factors are known to affect trout growth directly 
or indirectly including dissolved oxygen (Myers and Peterka 1976), temperature (Clady 
1973), turbidity (Soldwedel 1974), and total dissolved solids (Donald and Anderson 
1982).General linear modeling with spring measures identified temperature, and N:P 
ratios as significant predictors of rainbow trout condition.  Both variables were inversely 
proportional to rainbow trout condition.  
Resident fish communities play an important role in the success of stocked 
rainbow trout. Several researchers have reported limited success of rainbow trout 
introductions into lakes with resident fish through predation (Johnson and Hasler 1954, 
Avery 1975) or competitive interactions (Rawson 1945, Alexander 1975a).  Thirteen of 
the 17 lakes in this study contained fish species other than rainbow trout.  Eight lakes 
contained one or two species of centrarchids including black crappie, smallmouth bass, 
largemouth bass, green sunfish, pumpkinseed, and yellow perch.  Five lakes contained at 
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least one other salmonid species (brown trout) and three contained two salmonid species 
(brown trout and tiger trout).   
General linear modeling identified significant negative relationships between 
rainbow trout condition and presence of largemouth bass, green sunfish, and other 
salmonids such as tiger trout and brown trout.  Rainbow trout growth was highest in Z, 
Quincy, Chopaka, and Hog lakes and condition was highest in Z, Hog, Amber, and 
Quincy lakes, all of which contained abundant and diverse food resources. It is important 
to note that in all five of these lakes, centrarchids were absent. Smallmouth bass were 
reported present in Chopaka Lake, but none were observed or collected during the study 
period (Chris Donley, WDFW, pers.comm.).  Poor survival of rainbow trout in other 
studies has been associated with presence of resident largemouth bass (Clodfelter 1982).  
Carmichael (1983) reported dietary overlap between largemouth bass and rainbow trout 
consuming odonates, gastropods, and chironomids.  Rainbow trout growth rate was slow 
in Spectacle and Ellen lakes, both with populations of largemouth bass.  Slow growth in 
these two lakes may be attributed to competition for food resources or predation by 
largemouth bass on trout. 
Low survival and growth has also been attributed to interspecific competition and 
predation in mixed species lakes and reservoirs with resident centrarchid (Clodfelter 
1982, Carmichael 1983) and salmonid fishes (Rawson 1945, Stuber et al 1985, 
Schniedervin and Hubert 1987).  Competition between young rainbow trout and native 
minnow populations can also adversely affect trout growth.  Burdick and Cooper (1956) 
suggested minnows were likely detrimental to the survival and growth of young trout due 
to interspecific competition.  Many small fish species native to eastern Washington and 
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the Pacific Northwest, including speckled dace (Johnson 1982) and suckers (Clark 1958), 
are also known to affect rainbow trout growth through competition resulting from diet 
overlap (Alexander 1975b, Donald 1987).  Rainbow trout stocked into mixed species 
lakes may alter behavioral patterns in response to predatory or competitive interactions, 
thus reducing growth rate.  Due to potential implications on trout growth and survival, 
interspecific and intraspecific competition should be considered when stocking rainbow 
trout into area lakes. 
Rainbow trout in eastern Washington study lakes were stocked under 4 different 
stocking regimes in the spring of 2006.  Growth rates were the highest for fish stocked in 
at the lowest density of approximately 55 fish per surface acre (Amber and Chopaka), 
and in lakes where competition from centrarchids or other salmonids was absent (Z, 
Quincy, and Hog). In this study, relationships between trout growth and stocking density 
were inversely proportional.  This is supported by previous work in which trout growth 
was driven by density-dependent processes (Burdick and Cooper 1956, Donald and 
Anderson 1982, Post et al 1999). 
Rainbow trout in eastern Washington grew faster in the first half of the year 
(spring to fall 2006) than the second half (fall 2006 to spring 2007) when available food 
resources were the most abundant.  Burdick and Cooper (1956) also reported rainbow 
trout growth was the most rapid between April and October.  Rainbow trout stocked into 
eastern Washington lakes realize higher growth rates and better condition in the presence 
of adequate dissolved oxygen levels for rainbow trout, abundant quality prey items such 
as damselflies, caddisfly larvae, amphipods, and calanoid copepods, and in the absence of 
competition or predation by resident fish species.  Sampling macroinvertebrate insect 
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assemblages for abundance of quality prey items prior to stocking is easy and 
economical, and would give better insight into the growth potential of rainbow trout if 
stocked into that particular system.  In lakes with poor quality prey or low 
macroinvertebrate insect abundance or availability, one could expect slower trout growth.  
In lakes with mixed fish species, potential competitive and predatory interactions should 
also be evaluated.   
Variables identified here as individually or synergistically significant predictors 
of stocked rainbow trout growth and condition can be used by fish managers to assess the 
efficacy of current stocking programs across ecologically diverse lakes and determine 
necessary changes.  Adjustments to the current stocking programs may include evaluation 
of physical and limnological characteristics, assessments of the quality and quantity of 
the forage base, and consideration of potential competitive interactions between rainbow 
trout and resident fish species in order to maximize the growth potential of rainbow trout, 
and develop fisheries with the lowest economic and ecological costs. 
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Table 1.  Location and coordinates of study lakes, lake size in surface acres, and 
maximum depth in meters (Wolcott 1973). 
Lake (County) 
Lake Size 
(SA) 
Max Depth 
(m) Latitude (°N) Longitude  (°W) 
Alta (Okanogan) 150 21 48.021315° -119.937950° 
Amber (Spokane) 116.5 13 47.347197° -117.714830° 
Burke (Grant) 70 11 47.134362° -119.920946° 
Chopaka (Okanogan) 149 24 48.919667° -119.698368° 
Dry Falls (Grant) 99.4 9 47.606721° -119.353841° 
Dusty (Grant) 83 41 47.139186° -119.949482° 
Ellen (Ferry) 78 9 48.498783° -118.257722° 
Fish (Okanogan) 102 19 48.613949° -119.699747° 
Fishtrap (Lincoln) 196 10 47.344948° -117.829253° 
Hog (Spokane) 53 4 47.377458° -117.802498° 
Lower Hampton (Grant) 19 15 46.929010° -119.223280° 
Quincy (Grant) 63 8 47.141456° -119.922975° 
Rat (Okanogan) 71 24 48.179962° -119.803796° 
Spectacle (Okanogan) 307 18 48.808118° -119.551732° 
West Medical (Spokane) 235 11 47.572944° -117.708019° 
Williams (Stevens) 38 14 48.755055° -117.967185° 
Z Lake (Lincoln) 30 3 47.605121° -118.424410° 
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Table 2.  Stocking densities for 17 study lakes including lake size in surface acres. 
Lake (County) Surface Acres # Fish Stocked/SA 
Amber (Spokane) 116.5 55 
Chopaka (Okanogan) 149 55 
      
Dry Falls (Grant) 99 100 
Dusty (Grant) 83 100 
Rat (Okanogan) 71 100 
Z Lake (Lincoln) 30 100 
      
Alta (Okanogan) 150 350 
Ellen (Ferry) 78 350 
Fish (Okanogan) 102 350 
Hampton, Lower (Grant) 19 350 
Quincy (Grant) 63 350 
      
Burke (Grant)  70 500 
Fishtrap (Lincoln) 196 500 
Hog Canyon (Spokane) 53 500 
Spectacle (Okanogan) 307 500 
West Medical (Spokane) 235 500 
Williams (Stevens) 38 500 
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Table 3. Macroinvertebrate prey composition during spring and fall 2006 sampling events in 17 Eastern Washington study lakes.  
Invertebrates present in each lake are represented with an “X”.  
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Alta  X X X X X X X - - X - - - - 
Amber X X X X X X X - X X X X X - 
Burke X X X X - X X - X X X - X - 
Chopaka X X X X X - X - X X X X - - 
Dry Falls X X X X X X X - X X X X X X 
Dusty  X X X X X X X - X X X - X X 
Ellen X X X X X X X - - X X X - - 
Fish X X X X X X X - X X X - - - 
Fishtrap X X X X X X X - - X X X - - 
Hog X X X X X X X X X X - - - - 
Lower Hampton X X X X X X X - X X X X X - 
Quincy X X X X X X X - X X - - - - 
Rat  X X X X - X X - - X - - - - 
Spectacle X X X X X X X - X X X - - - 
West Medical X X X X X X X - X X X X X - 
Williams X X X X X X X - X X - - - - 
Z X X X X X X X - X X X X - - 
Total 17 17 17 17 15 16 17 1 13 17 12 8 6 2 
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Table. 4.  Macroinvertebrate taxa identified in 17 in Eastern Washington study lakes, 
2006. 
Order Family Order Family 
Amphipoda Ephemeroptera 
Gammaridae Caenidae 
Talitridae Baetidae 
Gastropoda 
Annelida Hydrobiidae 
Hirudinea + Lymnaeidae 
Turbellaria Physidae 
Arthropoda Planorbidae 
Hydracarina Valvatidae 
Hemiptera 
Coleoptera Belastomatidae 
Carabidae Corixidae 
Curculionidae Nepidae 
Dytiscidae Notonectidae 
Gyrinidae Notostraca 
Haliplidae Odonata 
Aeshnidae 
Conchostraca Libellulidae 
Diptera Coenagrionidae 
Ceratopogonidae Lestidae 
Chaoboridae Ostracoda 
Chironomidae Pelecypoda 
Culicidae Tricoptera 
Psychodidae Hydroptilidae 
Stratiomyidae Leptoceridae 
Limnephilidae 
Polycentropodidae 
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Table 5.  Zooplankton taxa identified in 17 Eastern Washington study lakes, 2006. 
 
Suborder Family Genus Species 
 
Subclass Order Family Genus 
Branchiopoda 
   
Copepoda 
  
 
Daphnidae 
    
Calanoida 
 
  
Ceriodaphnia 
   
Diaptomidae 
  
Daphnia pulex 
    
Aglaodiaptomus 
  
Daphnia galeata 
    
Leptodiaptomus 
  
Daphnia rosea 
  
Cyclopoida 
 
  
Simocephalus 
   
Cyclopoida 
        
Acanthocyclops 
 
Bosminidae 
     
Diacyclops 
  
Bosmina 
     
Mesocyclops 
 
Chydoridae 
   
Harpacticoida 
 
  
Chydorus 
   
Ploima (rotifers) 
 
  
Alona 
    
Asplanchnidae 
 
Sididae 
      
Asplanchna 
  
Diaphanosoma 
   
Brachionidae 
        
Kellicottia 
        
Keratella 
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Table 6.  Annual mean macroinvertebrate densities (# inds/m²) and total mean densities 
in littoral and profundal portions, of 17 Eastern Washington study lakes, 2006. 
 
Lake Littoral Profundal Total 
Alta 463 4,481 4,716 
Amber 927 3,727 3,972 
Burke 1,949 2,455 2,966 
Chopaka 1,096 6,106 6,983 
Dry Falls 1,797 2,367 3,048 
Dusty 553 2,423 2,604 
Ellen 337 269 455 
Fish 1,326 4,128 4,615 
Fishtrap 1,111 174 1,124 
Hog 3,967 5,232 7,688 
Lower Hampton 3,534 3,799 6,633 
Quincy 1,776 1,898 2,116 
Rat 2,044 1,443 1,984 
Spectacle 2,767 1,003 1,466 
West Medical 3,157 2,631 3,132 
Williams 1,325 1,489 2,399 
Z 4,512 2,069 3,736 
 
 
Table 7.  Annual mean macroinvertebrate biomass (mg/m²) and total mean biomass in 
littoral and profundal portions, of 17 Eastern Washington study lakes, 2006. 
Lake Littoral Profundal Total 
Alta 3,054.1 29,725.9 31,638.5 
Amber 14,443.9 24,773.1 26,911.3 
Burke 18,309.1 11,719.4 17,061.8 
Chopaka 11,751.6 23,039.8 32,407.4 
Dry Falls 10,714.7 23,119.4 28,153.6 
Dusty 6,020.6 17,718.5 20,236.8 
Ellen 3,403.1 2,407.4 5,125.0 
Fish 9,391.7 28,783.3 32,905.7 
Fishtrap 8,500.1 15,048.1 21,730.9 
Hog 20,376.5 15,758.9 21,580.1 
Lower Hampton 35,239.7 42,536.1 64,316.1 
Quincy 10,935.8 6,860.2 8,528.0 
Rat 13,637.1 7,217.6 13,216.0 
Spectacle 10,063.9 1,728.7 4,273.1 
West Medical 25,327.9 34,139.8 38,198.4 
Williams 14,124.9 6,565.7 17,453.3 
Z 39,571.3 16,423.1 33,659.5 
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Table 8.  Zooplankton density and biomass percent composition in 17 Eastern 
Washington study lakes, 2006. 
Branchiopoda Copepoda Rotifers 
Lake 
% 
Density 
% 
Biomass 
% 
Density 
% 
Biomass 
% 
Density 
Alta  58.3 67.6 29.9 32.4 11.8 
Amber 60.7 79.4 21.1 20.6 18.2 
Burke 33.8 55.3 65.1 44.7 1.1 
Chopaka 80.5 71.4 19.3 28.6 0.1 
Dry Falls 52.0 72.5 46.9 27.5 1.2 
Dusty  37.5 54.0 62.0 46.0 0.5 
Ellen 66.6 86.5 30.2 13.5 3.2 
Fish 83.0 82.0 8.3 18.0 8.7 
Fishtrap 69.8 59.5 29.2 40.5 1.0 
Hog 77.3 11.7 22.3 88.3 0.4 
Lower Hampton 43.2 63.5 56.5 36.5 0.3 
Quincy 67.7 57.3 30.7 42.7 1.6 
Rat  84.4 87.6 9.7 12.4 6.0 
Spectacle 53.2 47.1 45.1 52.9 1.7 
West Medical 87.5 83.4 11.8 16.6 0.7 
Williams 82.7 82.1 16.7 17.9 0.6 
Z 72.4 49.2 26.7 50.8 0.9 
 
Table 9.  Zooplankton density (individuals liter-1) in each of 17 eastern Washington 
lakes, 2006.  
Lake Daphnia 
Other 
Branchiopod
a 
Calanoid
a 
Cyclopoid
a 
Ploima 
(Rotifers
) 
Total 
Density 
Alta  17.9 9.4 4.1 9.6 5.5 46.8 
Amber 36.1 8.8 4.9 9.0 13.5 74.0 
Burke 22.0 5.7 0.3 33.8 0.8 72.2 
Chopaka 24.8 32.9 7.6 6.1 0.1 71.7 
Dry Falls 16.1 1.1 2.0 13.5 0.4 33.0 
Dusty  16.1 1.1 24.7 3.8 0.2 46.0 
Ellen 6.3 38.6 10.0 7.9 2.2 67.5 
Fish 21.3 27.2 1.6 2.4 5.1 58.4 
Fishtrap 47.3 106.6 2.0 57.4 2.2 220.6 
Hog 4.9 77.0 15.6 1.2 0.4 105.9 
Lower Hampton 23.6 1.4 0.0 32.1 0.2 57.9 
Quincy 13.4 31.8 3.7 16.8 1.1 66.7 
Rat  20.3 19.5 2.1 1.5 2.8 47.2 
Spectacle 15.9 26.6 4.5 29.4 1.4 79.8 
West Medical 77.3 37.0 3.4 11.8 0.9 130.6 
Williams 37.1 15.7 7.7 0.4 0.4 63.8 
Z 25.6 14.3 12.3 2.3 0.5 55.2 
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Table 10.  Zooplankton composition by percent density in 17 Eastern Washington study 
lakes, 2006. 
Lake Daphnia 
Other 
Branchiopoda Calanoid Cyclopoid Other 
Alta  38.3 20.0 8.7 20.4 12.6 
Amber 48.8 11.9 6.6 12.1 20.6 
Burke 30.5 7.9 0.5 46.7 14.4 
Chopaka 34.6 45.9 10.6 8.6 0.3 
Dry Falls 48.7 3.3 5.9 40.9 1.2 
Dusty  35.1 2.5 53.6 8.3 0.5 
Ellen 9.4 57.2 14.8 11.6 7.0 
Fish 36.4 46.6 2.8 4.2 10.0 
Fishtrap 21.5 48.3 0.9 26.0 3.2 
Hog 4.7 72.7 14.7 1.2 6.8 
Lower Hampton 40.8 2.4 0.0 55.4 1.4 
Quincy 20.1 47.6 5.6 25.1 1.6 
Rat  43.0 41.4 4.5 3.2 7.9 
Spectacle 19.9 33.3 5.7 36.8 4.3 
West Medical 59.2 28.3 2.6 9.0 0.9 
Williams 58.1 24.5 12.0 0.6 4.7 
Z 46.4 26.0 22.2 4.2 1.3 
 
 
Table 11.  Zooplankton composition by percent biomass in 17 Eastern Washington study 
lakes, 2006. 
Lake Daphnia 
Other 
Branchiopoda Calanoid Cyclopoid Other 
Alta  67.1 0.5 13.8 18.5 0.1 
Amber 79.2 0.2 10.6 9.5 0.5 
Burke 54.0 1.4 0.5 44.2 0.0 
Chopaka 62.3 9.1 22.6 6.0 0.0 
Dry Falls 72.5 0.0 16.5 11.0 0.0 
Dusty  53.4 0.6 40.1 5.9 0.0 
Ellen 3.8 82.7 9.8 3.5 0.2 
Fish 81.1 0.8 13.1 4.7 0.2 
Fishtrap 42.6 16.9 4.1 35.9 0.4 
Hog 8.7 3.0 79.2 3.1 6.0 
Lower Hampton 63.3 0.2 0.0 36.3 0.3 
Quincy 55.9 1.4 21.1 21.6 0.0 
Rat  86.4 1.2 9.7 2.3 0.4 
Spectacle 46.5 0.6 22.3 30.1 0.5 
West Medical 83.2 0.2 9.9 6.7 0.0 
Williams 81.9 0.2 16.5 0.3 1.0 
Z 48.7 0.5 46.6 4.2 0.0 
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Table 12.  Annual mean values for limnological parameters and nutrients sampled in each lake in spring and fall of 2006. 
Lake Temp  (°C) 
DO 
(mg L-1) 
Conductivity 
(µS cm-1) 
Turbidity 
(NTU) 
Chlorophyll 
(mg L-1) 
Secchi 
(m) NO3 – N PO4 - P N:P 
Alta 10.2 5.86 475 0.98 17.18 4.00 0.85 0.06 15:1 
Amber 11.4 13.49 213 2.32 14.03 3.00 0.98 0.08 13:1 
Burke 13.8 6.06 306 1.06 4.63 3.50 1.18 0.09 13:1 
Chopaka 9.5 5.74 769 0.68 6.40 5.50 0.98 0.05 20:1 
Dry Falls 13.1 6.95 689 0.36 3.62 5.50 0.77 0.10 8:1 
Dusty 9.2 6.92 209 1.35 3.53 4.00 0.95 0.11 9:1 
Ellen 15.7 9.95 138 0.74 4.01 4.50 1.43 0.07 20:1 
Fish 11.6 7.42 284 1.88 14.61 2.50 1.03 0.05 20:1 
Fishtrap 13.3 9.09 231 2.81 18.40 1.75 0.88 0.12 7:1 
Hog 10.4 15.69 210 0.63 9.94 2.75 0.90 0.10 9:1 
Lower Hampton 12.0 6.96 362 2.19 17.22 1.75 0.80 0.10 8:1 
Quincy 13.8 7.56 688 1.05 3.39 5.50 2.05 0.12 18:1 
Rat 8.9 4.24 197 1.46 10.19 3.63 1.20 0.09 14:1 
Spectacle 10.9 7.33 150 0.86 4.09 4.25 1.38 0.04 35:1 
West Medical 12.1 8.59 698 1.22 6.73 3.25 0.90 2.18 1:2 
Williams 12.3 8.35 313 2.60 7.32 4.00 1.28 0.05 28:1 
Z 12.5 5.53 323 3.45 10.14 1.50 0.77 0.13 6:1 
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Table 13.  Mean temperature, standard deviation (SD), minimum and maximum, and 
sample size (n), for 17 Eastern Washington study lakes sampled in spring and fall of 
2006. 
 
Lake Mean SD Min Max n 
Alta 10.2 6.3 4.1 20.2 16 
Amber 11.4 3.9 7.9 17.5 12 
Burke 13.8 0.7 12.0 14.7 12 
Chopaka 9.5 6.1 3.7 18.9 16 
Dry Falls 13.1 1.8 9.7 16.7 10 
Dusty 9.2 4.7 4.5 14.9 17 
Ellen 15.7 4.7 6.8 20.0 11 
Fish 11.6 4.3 7.4 17.4 14 
Fishtrap 13.3 3.5 9.7 18.9 10 
Hog 10.4 2.3 8.5 14.7 18 
Lower Hampton 12.0 2.4 8.0 15.9 14 
Quincy 13.8 0.6 12.8 14.9 13 
Rat 8.9 5.0 4.4 17.2 15 
Spectacle 10.9 6.0 4.8 21.1 14 
West Medical 12.1 4.7 7.9 19.8 11 
Williams 12.3 5.9 4.8 19.7 15 
Z 12.5 1.7 10.9 15.6 7 
Overall 3.7 21.1 225 
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Table 14.  Mean dissolved oxygen concentration, standard deviation (SD), minimum and 
maximum, and sample size (n), for 17 Eastern Washington study lakes sampled in spring 
and fall of 2006. 
 
Lake Mean SD Min Max n 
Alta 5.86 1.69 2.9 7.6 16 
Amber 13.49 7.37 2.75 20 12 
Burke 6.06 0.85 4.8 7.01 12 
Chopaka 5.74 4.44 0.5 12.7 16 
Dry Falls 6.95 0.25 6.7 7.32 10 
Dusty 6.92 1.81 4 9.04 17 
Ellen 9.95 3.57 5.43 14.6 11 
Fish 7.42 3.25 2 12.3 14 
Fishtrap 9.09 3.62 5.09 12.9 10 
Hog 15.69 5.51 5.13 19.8 18 
Lower Hampton 6.96 4.54 3.15 15.1 14 
Quincy 7.56 1.35 6.6 9.58 13 
Rat 4.24 1.72 1.9 5.9 15 
Spectacle 7.33 4.06 1.7 13.2 14 
West Medical 8.59 5.05 1.76 13.6 11 
Williams 8.35 5.90 0.75 19 15 
Z 5.53 0.23 5.23 5.75 7 
Overall 0.5 20 225 
 
 
Table 15.  Mean conductivity, standard deviation (SD), minimum and maximum, and 
sample size (n), for 17 Eastern Washington study lakes sampled in spring and fall of 
2006. 
 
Lake Mean SD Min Max n 
Alta 475 63 414 579 16 
Amber 213 28 191 253 12 
Burke 306 6 293 313 12 
Chopaka 769 71 701 884 16 
Dry Falls 689 32 617 736 10 
Dusty 209 22 183 237 17 
Ellen 138 9 120 146 11 
Fish 284 34 253 338 14 
Fishtrap 231 32 198 274 10 
Hog 210 9 203 227 18 
Lower Hampton 362 11 343 373 14 
Quincy 688 11 675 712 13 
Rat 197 16 182 227 15 
Spectacle 150 14 130 180 14 
West Medical 698 104 605 815 11 
Williams 313 39 252 355 15 
Z 323 6 317 335 7 
Overall 120 884 225 
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Table 16.  Mean turbidity, standard deviation (SD), minimum and maximum, and sample 
size (n), for 17 Eastern Washington study lakes sampled in spring and fall of 2006. 
 
Lake Mean SD Min Max n 
Alta 0.98 0.82 0.2 2.4 8 
Amber 2.32 2.63 0.4 10.3 12 
Burke 1.06 0.74 0.2 2.4 12 
Chopaka 0.68 0.62 0.1 1.5 16 
Dry Falls 0.36 0.15 0.2 0.6 5 
Dusty 1.35 1.71 0.2 4.5 17 
Ellen 0.74 0.54 0.2 1.9 11 
Fish 1.88 1.30 0.3 3.7 14 
Fishtrap 2.81 1.48 1.4 5.8 10 
Hog 0.63 0.79 0.1 3.7 18 
Lower Hampton 2.19 0.72 1.1 4.0 14 
Quincy 1.05 0.91 0.1 3.2 13 
Rat 1.46 2.14 0.2 6.1 7 
Spectacle 0.86 1.01 0.0 3.9 14 
West Medical 1.22 0.64 0.1 2.4 11 
Williams 2.60 3.17 0.1 10.3 15 
Z 3.45 0.17 3.2 3.6 4 
Overall 0.0 10.3 201 
 
 
Table 17.  Mean chlorophyll concentration, standard deviation (SD), minimum and 
maximum, and sample size (n), for 17 Eastern Washington study lakes sampled in spring 
and fall of 2006. 
 
Lake Mean SD Min Max n 
Alta 17.18 17.51 2.4 69.2 16 
Amber 14.03 8.99 3.8 30.5 11 
Burke 4.63 1.85 2.5 8.4 12 
Chopaka 6.40 5.01 2.4 21.9 16 
Dry Falls 3.62 0.80 2.7 4.8 10 
Dusty 3.53 2.65 0.5 10.2 17 
Ellen 4.01 2.14 2 7.9 10 
Fish 14.61 15.88 3.1 61.7 14 
Fishtrap 18.40 7.10 8.9 31.4 10 
Hog 9.94 1.84 5.5 11.7 18 
Lower Hampton 17.22 7.49 3.4 25.5 14 
Quincy 3.39 1.24 2.4 7.3 13 
Rat 10.19 16.42 2.4 68.2 15 
Spectacle 4.09 1.24 2.3 6.9 14 
West Medical 6.73 3.41 2.5 13.2 11 
Williams 7.32 6.21 1.2 20 11 
Z 10.14 0.88 8.3 11 7 
Overall 0.5 69.2 219 
 
38 
 
Table 18.  Mean nitrate nitrogen (NO3-N) concentration, standard deviation (SD), 
minimum and maximum concentration, and sample size (n), for 17 Eastern Washington 
study lakes sampled in spring and fall of 2006. 
 
Lake Mean SD Min Max n 
Alta 0.85 0.38 0.40 1.40 6 
Amber 0.98 0.20 0.70 1.30 6 
Burke 1.18 0.22 0.80 1.40 6 
Chopaka 0.98 0.12 0.80 1.10 6 
Dry Falls 0.77 0.40 0.30 1.20 6 
Dusty 0.95 0.33 0.60 1.40 6 
Ellen 1.43 0.27 1.20 1.90 6 
Fish 1.03 0.20 0.80 1.30 6 
Fishtrap 0.88 0.26 0.50 1.20 6 
Hog 0.90 0.49 0.30 1.50 6 
Lower Hampton 0.80 0.46 0.30 1.50 6 
Quincy 2.05 1.33 0.50 3.60 6 
Rat 1.20 0.30 0.90 1.70 6 
Spectacle 1.38 0.19 1.10 1.60 6 
West Medical 0.90 0.17 0.70 1.10 6 
Williams 1.28 0.41 0.90 2.00 6 
Z 0.77 0.14 0.60 1.00 6 
Overall 0.30 3.60 102 
 
 
Table 19.  Mean phosphate phosphorus (PO4-P) concentrations, standard deviation (SD), 
minimum and maximum concentrations, and sample size (n), for 17 Eastern Washington 
study lakes sampled in spring and fall of 2006. 
 
Lake Mean SD min max n 
Alta 0.06 0.03 0.03 0.12 6 
Amber 0.08 0.02 0.03 0.10 6 
Burke 0.09 0.02 0.07 0.12 6 
Chopaka 0.05 0.02 0.01 0.08 6 
Dry Falls 0.10 0.03 0.07 0.13 6 
Dusty 0.11 0.08 0.04 0.24 6 
Ellen 0.07 0.04 0.04 0.13 6 
Fish 0.05 0.03 0.01 0.10 6 
Fishtrap 0.12 0.07 0.05 0.21 6 
Hog 0.10 0.03 0.07 0.15 6 
Lower Hampton 0.10 0.02 0.08 0.12 6 
Quincy 0.12 0.04 0.05 0.17 6 
Rat 0.09 0.03 0.04 0.12 6 
Spectacle 0.04 0.01 0.03 0.05 6 
West Medical 2.18 1.41 0.90 3.50 6 
Williams 0.05 0.03 0.02 0.08 6 
Z 0.13 0.08 0.05 0.24 6 
Overall 0.01 3.5 102 
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Table 20.  Fish communities in each of 17 Eastern Washington study lakes (2006).  Fish species including brown bullhead catfish 
(BBH), black crappie (BC), brown trout (BT), green sunfish (GSF), largemouth bass (LMB), pumpkinseed (PS), rainbow trout (RBT), 
smallmouth bass (SMB), tench (TNC), tiger trout (TT), and yellow perch (YP) present in each lake are represented with an “X”. 
 
Lake BBH BC BT GSF LMB PS RBT SMB TNC TT YP 
Alta X  
Amber X  
Burke X X  
Chopaka X Xa 
Dry Falls X X  X 
Dusty X X  X 
Ellen X X X  
Fish X  
Fishtrap X X X  X 
Hog X X  Xa 
L. Hampton X X  
Quincy X  
Rat X X  X 
Spectacle Xa X X  X 
W. Medical X X X  X 
Williams X  X 
Z Xa X  
Xa  = Fish species not collected in sampling, but were reported by WDFW or observed to be present. 
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Table 21:  Total number of fish collected from each study lake and percent of total collected for each species (2006-2007). 
Lake RB BBH BC BT GSF LMB PS TNC TT YP Lake Total 
Alta 188 0 0 0 0 0 0 0 0 0 188 
Amber 16 0 0 0 0 0 0 0 0 0 16 
Burke 103 0 22 0 0 0 0 0 0 0 125 
Chopaka 13 0 0 0 0 0 0 0 0 0 13 
Dry Falls 123 0 0 16 0 0 0 0 23 0 162 
Dusty 33 0 0 1 0 0 0 0 5 0 39 
Ellen 54 0 0 0 45 9 0 0 0 0 108 
Fish 279 0 0 0 0 0 0 0 0 0 279 
Fishtrap 115 108 0 0 0 0 7 0 0 4 234 
Hog 21 73 0 0 0 0 0 0 0 0 94 
Lower Hampton 47 0 0 0 0 0 4 0 0 0 51 
Quincy 81 0 0 0 0 0 0 0 0 0 81 
Rat 137 0 0 22 0 0 0 0 1 0 160 
Spectacle 110 0 0 0 0 10 0 0 0 1 121 
West Medical 173 0 0 27 0 0 116 2 0 0 318 
Williams 44 0 0 0 0 0 0 0 0 142 186 
Z 12 0 0 0 0 0 0 0 0 0 12 
Grand Total 1,549 181 22 66 45 19 127 2 29 147 2,187 
% of Total 70.8 8.3 1.0 3.0 2.1 0.9 5.8 0.1 1.3 6.7 100 
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Table 23. Stepwise multiple regression models for rainbow trout growth rate (GR) and condition factor (CF) against Odonata density 
(Od), Odonata biomass (Ob), Tricoptera biomass (Tb), mean lake depth (Zm), water mite density (Md), total aquatic invertebrate insect 
density in the littoral zone (Ld), calanoid copepod biomass (Calb), Aglaodiaptomus copepod biomass (Agb), maximum lake depth (Zx), 
rainbow trout stocking density (RBSD), Diptera density (Dd), amphipod biomass (Ab), Gastropod biomass (Gb), Hemiptera density 
(Hd), and Copepod density (Cd) for ln transformed data from 17 eastern Washington lakes (2006-2007). 
 
Model Regression N r2 F (dfreg,dfresid) Season 
1 GR = 0.372Od + 0.901 17 0.249 4.966 (1,15) Fall 
2 GR = 0.397Coeb+ 0.239 17 0.415 10.634 (1,15) Fall 
3 GR = 0.437Ob + 0.170Tb  – 0.981 17 0.745 20.406 (2,14) Fall 
4 GR = –0.273Zm + 0.836Ob + 0.198Tb  – 0.201Md – 0.410Ld + 2.418 17 0.947 39.054 (5,11) Fall 
5 GR = 0.614Ob + 6.638Calb – 2.696 17 0.540 8.214 (2,14) Spring + Fall 
1 CF = 1.134Agb + 0.702 17 0.485 14.106 (1,15) Fall 
2 CF = –0.043Zx + 0.013Tb + 0.032Dd + 0.670 17 0.844 23.427 (3,13) Fall 
3 CF = 0.016Ab – 0.011Gb + 0.047Dd + 0.016Hd + 0.037 Cd + 0.327 17 0.954 45.127 (5,11) Fall 
4 CF = –0.077Zx + 1.035 17 0.312 6.815 (1,15) Spring 
5 CF = –0.095Zx – 0.042RBSD + 1.227 17 0.509 7.271 (2,14) Spring 
6 CF = 0.046 Ab + 0.039Od + 0.185 17 0.542 8.283 (2,14) Spring + Fall 
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Table 24.  General linear models for rainbow trout condition factor (CF) against Aglaodiaptomus biomass (Agb), largemouth bass 
(LMB), dissolved oxygen (DO), nitrate nitrogen concentration (N), dipteran biomass (Db), temperature (T), odonate density (Od), 
tench presence (TNC), chironomid biomass (Chb), maximum lake depth (Zx), rainbow trout fry stocking density (RBSD), green sunfish 
presence (GSF), N:P ratio (NP), tiger trout presence (TT), and brown trout presence (BT) for ln transformed data from 17 eastern 
Washington lakes (2006-2007). 
 
Model General Linear Model N r2 F (dfreg,dfresid) Season 
1 CF = 1.105Agb – 0.084LMB + 0.713 17 0.617 11.277 (2,14) Fall 
2 CF = 0.089DO + 0.273N + 0.037Db + 0.016Tb – 0.008Od – 0.082LMB – 0.025TNC + 0.139 17 0.994 201.775 (7,9) Fall 
3 CF = – 0.027Chb – 0.140T – 0.133Zx – 0.037RBSD - 0.192GSF + 1.848 17 0.839 11.484 (5,11) Spring 
4 CF = –0.037 Chb – 0.052NP – 0.046Zx – 0.057 RBSD – 0.245GSF – 0.083TT + 1.607 17 0.916 18.212 (6,10) Spring 
5 CF =  – 0.063 Zx – 0.017Db – 0.028Dd – 0.068RBSD – 0.211GSF + 0.107TNC – 0.064TT + 1.592 17 0.942 20.972 (7,9) Spring 
6 CF = 1.106Agb – 0.064BT + 0.712 17 0.584 9.821 (2,14) Spring + Fall 
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Table 25.  Stepwise multiple regression model summary for rainbow trout growth rate (GR) and condition factor (CF) against 
Odonata density (Od), Coenagrionid damselfly biomass (Coeb), Odonata biomass (Ob), Tricoptera biomass (Tb), mean lake depth (Zm), 
water mite density (Md), total aquatic invertebrate insect density in the littoral zone (Ld), calanoid copepod biomass (Calb), 
Aglaodiaptomus copepod biomass (Agb), maximum lake depth (Zx), rainbow trout stocking density (RBSD), Diptera density (Dd), 
amphipod biomass (Ab), Gastropod biomass (Gb), Hemiptera density (Hd), and Copepod density (Cd) for ln transformed data from 17 
eastern Washington lakes (2006-2007). 
Model Y X1 
(p-value, trend) 
X2 
(p-value, trend) 
X3 
(p-value, trend) 
X4 
(p-value, trend) 
X5 
(p-value, trend) 
r2 F (dfreg, dfresid) Season 
1 Growth Rate Od  (0.042, +)     0.249 4.966 (1,15) Fall 
2 Growth Rate Coeb  (0.005, +)     0.415 10.634 (1,15) Fall 
3 Growth Rate Ob  (0.002, +) 
Tb  
(0.002, +)    0.745 20.406 (2,14) Fall 
4 Growth Rate Zm  (0.006, -) 
Ob  
(<0.001, +) 
Tb  
(<0.001, +) 
Md  
(0.002, -) 
Ld  
(0.001, -) 0.947 39.054 (5,11) Fall 
5 Growth Rate Ob  (0.008, +) 
Calb  
(0.030, +)    0.540 8.214 (2,14) Spring + Fall 
1 Condition Factor Agb  (0.002, +)     0.485 14.106 (1,15) Fall 
2 Condition Factor Zx  (0.018, -) 
Tb  
(0.004, +) 
Dd  
(0.002, +)   0.844 23.427 (3,13) Fall 
3 Condition Factor Ab  (0.029, +) 
Gb  
(0.002, -) 
Dd  
(<0.001, +) 
Hd  
(<0.001, +) 
Cd  
(0.001, +) 0.954 45.127 (5,11) Fall 
4 Condition Factor Zx  
 (0.020, -)     0.312 6.815 (1,15) Spring 
5 Condition Factor Zx  
 (0.004, -) 
RBSD 
(0.030, -)    0.509 7.271 (2,14) Spring 
6 Condition Factor Ab  
 (0.007, +) 
Od  
(0.038,  +)    0.542 8.283 (2,14) Spring + Fall 
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Table 26.  General linear model results summary for rainbow trout condition factor (CF) against Aglaodiaptomus biomass (Agb), 
largemouth bass (LMB), dissolved oxygen (DO), nitrate nitrogen concentration (N), dipteran biomass (Db), temperature (T), odonate 
density (Od), tench presence (TNC), chironomid biomass (Chb), maximum lake depth (Zx), rainbow trout fry stocking density (RBSD), 
green sunfish presence (GSF), N:P ratio (NP), tiger trout presence (TT), and brown trout presence (BT) in for ln transformed data 
from 17 eastern Washington lakes (2006-2007). 
Model Y X1 
(p-value, trend) 
X2 
(p-value, trend) 
X3 
(p-value, trend) 
X4 
(p-value, trend) 
X5 
(p-value, 
trend) 
X6 
(p-value, trend 
X7 
(p-value, trend 
r2 
F (dfreg, 
dfresid) Season 
1 Condition Factor 
Agb 
(0.001, +) 
LMB 
(0.045, -)      0.617 
11.277 
(2,14) Fall 
2 Condition Factor 
DO 
(<0.001, +) 
NO3N 
(<0.001, +) 
Db 
(<0.001, +) 
Tb 
(<0.001, +) 
Od 
(0.008, -) 
LMB 
(<0.001, -) 
TNC 
(0.034, -) 0.994 
201.775 
(7,9) Fall 
3 Condition Factor 
Chb 
(0.006, -) 
T 
(0.044, -) 
Zx 
(<0.001, -) 
RBSD 
(0.008, -) 
GSF 
(0.002, -)   0.839 
11.484 
(5,11) Spring 
4 Condition Factor 
Chb 
(0.001, -) 
NP 
(0.006, -) 
Zx 
(0.032, -) 
RBSD 
(<0.001, -) 
GSF 
(<0.001, -) 
TT 
(0.005, -)  0.916 
18.212 
(6,10) Spring 
5 Condition Factor 
Zx 
(0.002, -) 
Db 
(0.019, -) 
Dd 
(0.046, -) 
RBSD 
(<0.001, -) 
GSF 
(<0.001, -) 
TNC 
(0.002, +) 
TT 
(0.009, -) 0.942 
20.972 
(7,9) Spring 
6 Condition Factor 
Agb 
(0.002, +) 
BT 
 (0.041, -)      0.584 
9.821 
(2,14) Spring + Fall 
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FIGURES.
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Figure 1.  Map of 17 study lakes located in eastern Washington.
47 
 
 
 
Figure 2.  Annual mean macroinvertebrate density in littoral and profundal portions of 17 
Eastern Washington study lakes, 2006. 
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Figure 3.  Annual mean macroinvertebrate biomass (mg m-2) in littoral and profundal 
portions of 17 Eastern Washington study lakes, 2006. 
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Figure 4.  Zooplankton composition by percent biomass in 17 Eastern Washington study 
lakes (2006). 
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Figure 5.  Zooplankton biomass (mg liter-1) in 17 Eastern Washington lakes (2006). 
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Figure 6.  Rainbow trout growth rate and condition factor in 17 eastern Washington lakes 
(2007).
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